Abstract. Asymptotic hyperstability is achievable under certain switching laws if at least one of the feedforward parameterization: 1) possesses a strictly positive real transfer function, 2) a minimum residence time interval is respected for each activation time interval of such a parameterization, and 3) a maximum allowable residence time interval is guaranteed for all active parameterization which is not positive real.
Introduction
The problems of hyperstability and asymptotic hyperstability have received important attention in Control Theory because global closed-loop stability is achieved for a wide class of nonlinear devices under the only constraint that they satisfy Popov´s-type integral inequalities including Lure´s and Popov´s absolute stability frameworks, [1] [2] [3] [4] [5] [6] [7] [8] [9] . It is needed that the linear feed-forward part of the system has a positive real transfer function for hyperstability and a strictly positive one for asymptotic hyperstability. In that way, global stability is achieved for a family of nonlinear controllers making the problem to be more independent of controller ageing or certain ranges of component dispersion along the fabrication process of the controller components. On the other hand, global stability of switched systems with several parameterizations has been investigated through exhaustive research work performed along the last years.
In some cases, global asymptotic stabilization is achievable irrespective of the switching law, that is, for any sequence of switching time instants. This property is typically guaranteed for linear switched systems when all the parameterizations possess a common Lyapunov function, [10] [11] [12] [13] [14] 20] . Also, some results on stable parameterization switching in closed-loop time-varying systems based in theoretical considerations on operators in Hilbert spaces have been recently obtained in [35] [36] [37] [38] [39] [40] [41] which can be used by using techniques of non-periodic or adaptive sampling by respecting a minimum dwelling activation time among distinct parameterizations. The various stabilization techniques based on the concept of minimal residence time for switching in feedback linear systems have been studied a wide class of background literature as it has commented above in this section. In the general case, global stabilization of the switched system is achievable, depending on the switching time instants, provided that sufficiently large minimum time intervals are respected at certain stable active parameterizations. The minimum residence time intervals depend on the active system parameterizations from the last testing for a respected sufficiently large minimum residence time lower-bound, [15] [16] [17] [18] [19] [20] [21] [22] . A similar problem has been investigated for a variety of linear time-varying systems like, for instance, delay-free systems, time-delay systems or hybrid systems, [11] [12] [13] [14] , [17] [18] , or for impulsive controls, [31] . There a basic technique consisting in respecting a minimum average dwelling time among the activation of the various parameterizations which has been exploited in a part of the background literature on the subject. The switched stabilization study is extended in such a paper to forced systems and to some classes of nonlinear systems under suitable uniformity assumptions. On the other hand, the topics of absolute stability and hyperstability are of a very relevant interest still nowadays because of their theoretical importance and its wide range of applications including stabilization under parametrical dispersion of regulator components either in the absence or in the presence of delays, hybrid mixed continuous-time and digital systems or passivity issues. See, for instance, some recent related background in [24] [25] [26] [27] [28] [29] [30] and references there in. Also, the property of absolute stability has been also investigated for systems involving time-delays. See, for instance, [32] [33] and references therein. This paper relies on the asymptotic hyperstability of switched linear systems under regulation controls generated from nonlinear devices satisfying a class of Popov inequalities.
The closed-loop system
Consider the n-dimensional single-input single-output switched nonlinear feedback dynamic system whose structure is:
are, respectively, the state n-vector and scalar input, which is a feedback regulation control, and output where: 2) The function p :
, and each integer
, where
is the sequence of switching time instants generated from some given switching law
. Such a function assigns at certain time intervals, a particular parameterization of the feed-forward part of the system which is modified at the switching time instants.
3) The function
, is the sequence of switching time instants of the feedback nonlinear part of the dynamic system and such a sequence is not necessarily identical to the switching sequence STI of the feed-forward linear part. That is, any switching time instant of the feedback part is always a switching time instant of the feed-forward part but the converse is not necessarily true. Such a function assigns a particular parameterization of the feedback nonlinear device of the system for certain time intervals which is modified at the switching time instants.
This implies the following features:
a) The total number of parameterizations of the nonlinear feedback device function is at most that of the linear feed-forward block while it can be potentially smaller in the sense that a particular controller parameterization may be active along a time period including two or more switching actions on the linear feed-forward loop. (1)- (2) with no
then the switching law is unconditional in the sense that switching is fully arbitrary. In the linear case, unconditional switching is possible in a stable way if all the parameterizations possess a common Lyapunov function. Otherwise, a minimum residence
is required at each parameterization so as to guarantee the stabilization of the linear timevarying switched system if all of them are stable or at least one should be stable, subject to a minimum residence time when such a stable parameterization is active, which depends of the whole sequences and respective active time intervals at the rest of parameterizations.
5) The set N is a denumerable (proper or improper) subset of N that, if finite, describes switching processes with a finite number of switches among the p distinct parameterizations.
6) The control input is generated as the, in general, nonlinear output-feedback function
which is assumed to be piecewise continuous while satisfying the integral Popov´s -type inequality:
Note that
for some integer 
where
is an input-output energy measure of the feed-forward linear part of the closed-loop system.
Switching conditions for asymptotic convergence to zero of the input to the feed-forward loop
This section investigates parameterization switching sufficiency-type conditions for the input to the linear feed-forward loop to converge asymptotically to zero as time tends to infinity. The switching laws can involve parameterizations which are not strictly positive real being subject either a) to a finite number of switching actions; or b) to appropriate alternating with strictly positive real ones subject to maximum allowable residence times, or finally; c) to saturation-vanishing conditions of the input to the feedforward linear loop. Note that the time-varying piecewise constant parameterization
of the switched system (1)- (2) 
, provided that it exists, and also define the subsequent auxiliary truncated input it the switching action never ends: 
is the complex unit. Now, proceed to calculate a lower-bound of (6) by using again Parseval´s theorem and the hodograph symmetry
. Now, consider the sequence of switching time instants until time t of the given switching law
and decompose it as the disjoint union 
Lemma 1 (non-negativity of the input-output energy).
Define the switching-dependent amount: (ii) A necessary condition to guarantee that
is nonnegative is that the first parameterization after an arbitrary finite time is positive real in order to guarantee the non-negativity for all time of the input-output energy measure where
. A necessary condition to guarantee that (11) is nonnegative for all time, irrespective of the input, if the number of switches is finite is that the last active parameterization be positive real.
(iii) Assume that the first active parameterization after an arbitrary finite time is strictly positive real and that all non positive real parameterization, if any, satisfies the constraint of maximum residence time interval (10) . Then, the input-output energy measure is positive for all 0  t .
Proof: Consider   t g  defined in (11) . It turns out that
Now, proceed by complete induction by assuming that
Thus, 
which is subject to a maximum allowable guaranteed upper-bound except for the case of identically zero input on the current switching interval which allows an arbitrary next switching time instant 
, and
.e. the input-output energy measure is nonnegative and uniformly bounded for all time.
Proof: It follows directly from Lemma 1, the fact that (13)and (14) guarantee Popov´s inequality (3) and the equivalence of (3) and (4) . □
The following result gives conditions that guarantee that the input to the feed-forward loop is bounded and converges asymptotically to zero as time tends to infinity. (4), ( 9) and (12) since
The last property implies that there is a finite number of active parameterizations, all being strictly 
for any positive finite real constants  ,  , and 0
Since a (finite)  -constant fulfilling
. The combination of (15)- (17) with Popov´s inequality equivalent versions (3) and (4), guaranteed under (13)- (14), Lemma 2 and (6) yields after separating the bounded contribution of non strictly positive real parameterizations from the strictly positive real ones of zero relative order: 
Asymptotic hyperstability
The following known result for linear switched systems will be used. It is known for switchings among stable parameterizations that if a set of matrices of dynamics has a common Lyapunov function then stability is preserved under arbitrary switching.
Theorem 1.
The following properties hold: (25) 
